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Anti-Malarial Effects of the Anti-Tubulin Herbicide Trifluralin: ,.—. hard
Studies with Plasmodium falciparum -
Dr. Jayasree Nath* and Mr. Vincent Okoye, Department of Hematology, Division of Medicine, \j
Walter Raed Arroy Insiitute of Research, Washington, DC 20367-5100 ~ ¥

and
Dr. Imogene Schaeider, Department of Entomology, Divisoa of Communicable Dissases and
Immunology, Walter Reed Army Instioute of Research, Washington, DC 20307-5100

INTRODUCTION

The nead for new anti-tnalarial agents cannot be over-emphasizad at 2 time wien the eves-
increasing drug-resistance and the lack of an effective vaccane have posed a sexious saadical threat for
both the U.S. miitary persoasd statwsod around the world 3 the mulloas of civiliand is countries
worldwide, where malaria ¢ emeauc. Malaa, 2 diserie of the blood, secasanly sffects the wotal
bealth of the body. Symptos are chulis, fever, weakness and esmaciation The ouloome may be 2
subclinical condition, recovery, ot death  Pauple may react w vanious ways oot oaly becaute
different spocies of malasia exmt, but becsuse ol theu general stule of bealth, the treatmend they can
be given, of the bereditary resutasce of susccptibdity they pussess. The life cycle of bumas malsra
parasites follows a course of developoent 1 the blood, mosquico and liver, while the ranssnission of
the discase occurs nonually from the bite of an wfectad anopheiine mosQuio .

In the presemt study, we bave eaplodal e selective twbule -busdiag propernty of 3 sovel
dinitroaniline berbicide, Trifluralia (a. a, anfluro-2-6-dimtro-N, N-dipropy!l-p-luidine) (soe Fig
1], that has the unique propesty of busdiag w0 plact and agal tubulia, but sot 0 animal tbulin
including munvualian tubulia'”  Tubulm it the major comsituent protein of microtubules. which play
a critical role ia cell motility, cell diviaon and differentiation, it sceliuiss crgancile tsovements, and
maintenance of cell shape’. The essestial role of microtubulas in the developsueat, dilferontiation,
s janGvgcaan of malamis parmsiiss s wall documentad i the nerature, ol 3 sumbor of weli-
studied tubulis-binding drugs have beors tested for theis anti-malanal offects’ Howeves, U same
anti-tubulio drugs will adversely affact sucrotubrale-deprandent host ol fuactions 25 wedl, and
terefore, are of ao potential therapatic valve Rooeatiy, Tnfluralia wai shows W0 uluba buth
prodiferation and differentiation of the paraists Motozoss Loilunacis meiicatd Bmatopsis’. which u
knowa 16 have 3 sumber uf plant-hike trdades’ Funtbormore, basod os te alyses of s DNA
saquence, Leidunania tubulis ki boca reportal 10 be more tamals w0 the trypaaomal and plasd
proteins thas asienal proteiss’  Akhough the mudaria parasiics do not huve the plant-like festures of
Leishmania, the rationale fr undertsdang the fvosonl studios was based os the podsabainty thu
Tuflusaiia could bind 0 malari tubuls (and mat 0 bost tubela), witsch would selectrvely whbe
growss, Jilfferemtiation wad moliity of the paraes By wimg ) yaw dhand stage cultwes of
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Molecular structure of trifluralin
Fig 1 ,q«/‘ |

Plasmedium (alcipanim. the most virulent form of human malaria parasite, we have observed u very
prunounced anti-malarial activity of Trifluralin, which also included transmission-blocking in the
modGuio veutot. Muoreover, in studies jp yitro, Trifluralin was found to inhibit P, falciparum
gametocyte maturatioa and viability and to cause dissolution of the characteristic sub-pellicular
micrutubule complex of mature gametocytes. Details of these studies are described in the present
repost.

EXPERIMENTAL PROCEDURE

Blood stage cultures of P, falciparum, strain NF 54, were established and maintained
following a well-established protocol*®. Various stage-specific malaria parasites were separated by
utilizing a discontinuous Percoll density gradient centrifugation method', that was modified in our
faboratory. Spontaneous exflagellation of matured microgametocytes was induced by exposure to air
& =mbient temperature'!, and exflagellation centers were monitored and quantitated by cither light or
phase-conirast microscopy. Parasite growth, differentiation and maturation were monitored by
standard procedures using light microscopy of appropriately stained samples. Feeding of infective
blood meal o mosquitoes and subsequent follow-up for the development of oocysts in the mosquito
mid-gut and sporozoites in mosquito salivary glands, were carried out according to established
procedures. For uitrastructural examination of Trifluralin-treated and untreated gametocytes, the
parasites were fixed for two hours in 2% glutaraldehyde, pH 7.4, containing 4% sucrose, and the
sumples were post-fixed in 1% osmium tetroxide for one hour. Electronmicroscopy of ultrathin
sections were carried ou! in Dr. M. Aikawa’s laboratory (Institute of Pathology, Case Western
Reserve University, Cleveland, Ohio), as previously described'2.

Analytical grade Trifluralin was obtained from Eli Lilly (Dow Elanco), and 1000x
concentrated stock solutions were made in dimethy! sulfoxide (DMSO) for various concentrations that
were used in the present study. The stock solutions were kept at 4°C in tightly sealed vials, warmed
to 37°C before use and added at 1:1000 dilution to the culture samples, DMSO (1:1000) controls
were routinely included in all the studies described in the present report.
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RESULTS

The present studies, which were designed to examine the anti-malarial effects of the anti-
tubulin herbicide Trifluralin, were carried out with blood-stage cultures of P, falciparum, strain
NFS4, grown in vitrg. As shown in Fig. 2, 1-10 uM Trifluralin had a profound inhibitory effect on
the growth and differentiation of P, falciparum parasites grown in culture. Almost a complete
inhibition (> 98%) of parasitemia was noted in the presence of 5-10 uM Trifluralin. Even at 1 uM
concentration of the drug, a marked delay and > 75% inhibition of parasitemia was observed. The
results shown in Fig. 2 are representative of three separate experiments. Figure 3 illustrates stained

12~  contROL B-B
110°8 A-A
10k 50N y-v
1x°'M O @

PERCENT PARASITES
N
T

0
DAY 0 1 2 3 4

EFFECT OF TRIFLURALIN ON ASYNCHRONOUS CULTURE
Fig. 2

parasite samples which were grown in the absence (panel A) and presence (panel B) of 1 uM
Trifluralin for 5 days in culture, and it clearly demonstrates the profound inhibitory effect of the
drug.

In order to gain further insight into the mechanism or site of inhibition of parasitemia by
Trifluralin, we also examined the effect of Trifluralin on the growth and differentiation of purified
stage-specific asexual parasites of P, falciparum. As is shown in Fig. 4, after an initial delay of 24
hrs, a marked inhibition of growth and maturation of carly ring stage parasites was observed in the
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Inhibition of growth and development of blood-stage
cultures of Plasmodium falciparum by Trifluralin.
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Etfect of Trifluralin on Ring Stage Parasites
Fig. 4

presence of 1-10 uM Trifluralin and by day 4, this inhibition was almost 100%. Similar inhibition
was also noted in the growth and maturation of isolatcd trophozoite stage parasites (Fig. 5). As the
trophazoites are known to be more actively dividing and differentiating than the early ring stage
parasites, a significant inhibition of parasitemia was noted even after the first 24 hrs (Fig. 5). Thisis
not an unexpected result, since Trifluralin presumably is binding to the parasite tubulin to cause its
growth inhibition, and this protein is known tc be an essential functional compenent of cell division
and differentiation.
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Fig. 5

Next, we examined the effect of addition of Trifluralin on the exflagellation of sexually
mature malaria gametocytes. Malaria gametocytes do not develop into active gametes in the blood of
the vertebrate host, but do so rapidly within the mid-gut of the mosquito (the carrier) or following
equilibration of infected blood with air''. It is the process of exflagellation that results in the
development of several highly motile male gametes that unite with female gametes to initiate the
insect stages of malaria. Because the motile machinery of the sexually active gametes is comprised of
flagella that are primarily composed of microtubules, and because tubulin is the major protein
component of microtubules (to which Trifluralin is going to bind), it was reasonable to expect that
the drug will block this process. As shown in Table 1, Trifluralin completely inhibited the
spontaneous exflagellation of P, falciparum gametocytes in yitro. The complete inhibition of
spontaneous exflagellation, even in the presence of a Trifluralin concentration as low as 10* M (Table
1), represents one of the lowest effective concentrations of an anti-tubulin drug that has been reported
to inhibit a microtubule-dependent cellular process. It should also be noted that a 50% inhibition of
exflagellation was observed i the presence of 19° M Trifluralin as well (Table 1).
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TABLE 1
Effect of Trifluralin on Spontaneous Exflagellation
of P, falciparum Gametocytes
Control Trifluralin Concentration (mrolar)

Time DMSO | DMSO
inute
™ ) ) (+) 100 10® 10°® 107 10¢ 10°

1520 +4 +4 +4 +2 ; - - -

> 30 +4 +4 +4 +2 - - - -
L;E i

+4: > 25 exflagellation centers in 2 sweeps of field
- no exflagellation observed

Since mature P, falciparum gametocytes possess a well-ordered parallel array of subpellicular
microtubules (Fig. 6, panel A: arrows), which are believed to provide cytoskeletal stability and
organization to the malaria gametocyte'®, we also examined the effect of Trifluralin treatment at an
ultrastructural level. As is shown in Fig. 6, electronmicroscopic examination of mature P, falciparum
gametocytes after treatment with 10° M Trifluralin for 2 hours, revealed a complete dissolution of the

Ultrastructural effects of Trifluralin on
P. Falciparum Gametocytes




NATH, OKOYE, & SCHNEIDER

characteristic subpellicular microtubule complex of the gametocytes (panel B). These results provide
strong supportive evidence for a correlation between the anti-malarial effects of Trifluralin and the
drug’s selective binding to tubulin/microtubules of the malaria parasite. In contrast, under identical
experimental conditions, Trifluralin did not affect either human platelet microtubules or rat neuronal
cell microtubules (data not shown). Moreover, in six different expeciments, carried out with different
parasite cultures containing mature exflagellation-competent gametocytes, the addition of 5 uM
Trifluralin to a malaria gametocyte-infected blood meal of mosquitoes caused complete inhibition of
the sexual development of the parasite, i.e., there were no detectable oocysts in the mid-gut of
mosquitoes and no sporozoites could be found in the salivary glands of the mosquitoes. These results
demonstrate the drug’s transmission-blocking effect in the mosquito vector and further strengthen the
possibility of Trifluralin’s usage as an effective anti-malarial agent.

Finally, we also investigated the effect of Trifluralin on the jn yityo gametocytogenesis of P,
falciparum parasites. As is shown in Fig. 7, when 5 uM Trifluralin was added to an enriched blood-
stage culture of P, falciparum containing early stage (Stages II and III) gametocytes (Fig. 7, panel A)
and the culture was allowed to continue for additional 6-7 days, during which period the mature
exflagellation-competent (stage V) gametocytes develop in culture (Fig. 7, panel C), a complete
inhibition of gametocytogenesis was noted in the presence of the drug (Fig. 7, panel D). As shown in
Fig. 7, panel B, DMSO (1:1000 dilution), the solvent for Trifluralin, did not have any inhibitory
effect on the process.

Fig. 7
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Effects of Trifluralin on the growth and maturation of
Plasmodium falciparum gametocyies.
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DISCUSSION

The results of our present study demonstrate the potent anti-malarial effects of Trifluralin
when tested in P, falciparym cultures grown in vitro, and also demonstrate the drug’s transmission-
blocking effect in the mosquito vector. The worldwide increase in drug resistance of malaria
parasites has stimulated a search for new anti-malarial agents. The unique tubulin-binding property of
Trifluralin and the low effective concentrations of the drug jp vitro, offer features that are both novel
and advantageous for application of Trifluralin in the development of a new anti-malarial agent of
therapeutic value. To our knowledge, this is the first report on the growth-inhibitory effects of
Trifluralin on human malaria parasites. The strategies utilized in the present study may also be
applied for preventive measures against parasitic diseases in general. Because of the selective tubulin-
binding property of Trifluralin, this drug, when suitably administered in an appropriate
vehicle/carrier, may provide effective protection against other blood-borne or tissue parasites.
Furthermore, Trifluralin is economical and considered safe for man and domesticated animals. The
promising results of the present study, together with the selective tubulin-binding property of
Trifluralin, clearly warrant fu-ther investigations into the potential application of the drug in the
treatment of malaria. Successful development of a new anti-malarial agent of therapeutic value will
benefit greatly both the U.S. military personnel stationed around the world and the millions of
civilians in countries worldwide.
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